TI. W. HAFER and DAVID H. RESLER HE notion that economic agents rationally form their expectations about future economic events has emerged as a critically important hypothesis with profound implications for macroeconomic policy. For example, modern hypotheses relating to the Phillips curve emphasize that it is the departure of actual inflation from expected inflation that cause any shortrun trade-off that may exist between inflation and unemployment. Consequently, empirical tests of many macrotheoretic models require the identification not only of directly observable phenomena, such as inflation and unemployment, but also of expectations or anticipations of these phenomena.
The measurement of generally nonobservable phenomena, such as inflation expectations, poses a difficult challenge in constructing empirical tests for macro models that include such variables. It is first necessary to identify an inflation expectations proxy that is consistent with the assumptions of the underlying niodel. As a result, tests of theories, such as the natural rate hypothesis, that employ proxy measures for inflation expectations (such as autoregressive procedures) are joint tests of both the underlying theory and the validity of the expectations proxy.
Presumably, autoregressive procedures are used because they are less costly than opinion surveys. When survey-based data on inflation expectations are readily available, this cost argument loses some of its force. Nevertheless, it is important to determine which of the two measures is appropriate for testing various economic theories; that is, whichever measure conforms most closely to the requirements of the underlying theory becomes the measure of choice. For instance, tests of rational expectations models should first establish that the measures of expectations conform to the criteria of rationality. This paper examines whether one particular set of survey datathe Livingston datameets specified criteria of rationality. 
Tests of Rational Expectations
The hypothesis of rational inflation expectations, pioneered by John Muth, holds that expectations about future inflation are formed in a manner that fully reflects all currently available and relevant information.
2 Stated somewhat differently, the observed rate of inflation differs from the expected rate of inflation only by sonic random error. Thus, the rationalit) hypothesis can he stated algebraically as:
(1) ii, ~+ u,, where m is the actual rate of inflation during period t,~.,'rt is the rate of inflation expected at time t-l for period t, and u, is a random variable with mean zero and variance o~/ Expressed in this form, i.e., inflation expectations are unbiased estimates of observed inflation, the rationality hypothesis can he tested empirically by estimating the equation,
where~represents the survey-based expected inflation rate for period t made at period t-l. The notion of rational expectations, then, corresponds to the joint hypothesis that B = 0 and 13, = 1. In addition. u. should exhibit no evidence of autocorrelation.
Pesando and Figlewski and Wachtel subjected the
Livingston expectations series to this test of rationality.
1 Pesando was unable to reject the joint hypothesis using consensus inflation forecasts from each survey for the periods 1~. 59-1969 59- and 1962 59- -1969 and Wachtel, however, were able to reject the null hypothesis using a pooled time series/cross-section sample of 1,864 individual forecasts for the pcriod 1947-1975. An additional criterion for rationality requires that inflation forecasts be efficient; in other words, the process by' which inflation expectations are formed should be identical to the process that actually generates observed inflation. Consequently. any evidence suggesting that some of the relevant information set is not being full)' (i.e., effic'ientlv) utilized would indicate rejection of rationality. Pesando tested this notion of rationality by hypothesizing that both the expectations of inflation and inflation itself are described by the history of inflation. Mathematically. 
where at~~.t Ihe force ist ciroi (F F,) is iegresse d on past inflation i ates knon n it the time the foiecast isas made Effieiencx icqunes that FL, be iSee Pesaudo, "A Note nit thc Rationality ....'' This approach to testing fo i ationabt> is gentrall> i eft 'ẽd to as a u c akform tt st & can Se it cliii) los s only u do i niation cootamed in the history of inflation. It should he notcd, however, that failure to mcd the weak-foun requirements of rationality suggests that the forecast would also fail stronger forms of the test. ior a discussion of weak-form and other typcs of tests, Sec John Rutledge, A Mooetarist Model of lnflationarrj Lxpectations ( Lexington: Lexington Books, 1974). In addition, equation (3) does not specify either the exact length of the lag on past iidlatiou or the length of the period 05cr which the inflation is observed. Pesando, Carlson, and Mulhineaux each used a 5-period lag on observed 6-mouth inilation rates. This lag length will also be used in this paper.
"Carlson has noted that the numbers published by Livingston have been judgmentally revised. (4) is estimated with a constant term ( b,, ) instead of subsuming it into the error structure as Pesando and Carlson did. unrelated to any information known at the time (t-1) the forecast ivas formed. In other words, all the informational content of past inflation rates is fully utilized in fonuing expectations. Thus, the null hypothesis is that b, = 0 and h~= 0 for all i n. In addition, efficiency requires that the error term be serially uncorrelated, or Coy (ar, Ej) = 0 for tŨ sing Carlson's version of the Livingston data, Mullineaux was unable to reject the efficiener' hypothesis for the period 1959~1969,b0 Pearce, using Carlson's data set and another test of efficiency, concluded that "the survey respondents did not efficiently use the information in the past history of the Consumer Price Index (CPI) when formning their expectations of inflation."" Thus, it appears that efficiency tests of the Livingston inflation expectations data are sensitive to the type of tests used, to the version of the Livingston data used, and to the time period examined.
This article demonstrates that these test results are also sensitive to assumptions about the length of the forecast horizon. Therefore, it is particularly important to determine the actual period over which Livingston respondents are making their' forecasts. The nature of this problem can be illustrated by a careful review of the survey method,
The Forecast Horizon and the Forecast Error
Livingston conducts his survey each spring and fall, requesting respondents to indicate their predictions about a number of economic indicators including the CPI. For example, in the spring survey' they are asked to predict what the level of the CPI will be in the following December and June. Because the questionnaires are mailed in April and usually are returned in May, two interpretations can be made about the forecast horizon. If, as Carlson assumes, the survey respondents know only the April CPI, then they are implicitly predicting an 8-month rate-of-change (April to December) and a 14-month rate-of-change (April°I t should be noted that, although the heterogeneous variance problem that plagued the Chow tests of Pesando and Carlson is alleviated here, the procedure employed does require the maintained hypothesis of independent errors. tm0 Mullineaux also found that for the data set used by Pesando (i.e., inflation forecasts inferred from the originally published versions of Livingston data), the hypothesis of efficiency is rejected.
Pearce, "Comparing Survey and Rational Measures p. 451. Pearce statistically analyzes the forecast errors obtained by using either the Livingston forecasts or forecasts generated from a continuously updated moving average model [MA( 1)] of the monthly CPI series.
to June of the following year). Alternatively, Jacobs and Jones argue that a more reasonable assumption is that the respondents actually know or have an accurate estimate of the May CPI. 12 This, of course, means that the forecast CPI implies a 7-month (or 13-month) rate of inflation.
The choice of the forecast horizon can affect the results of the bias and efficiency tests, especially if the forecast is interpreted loosely as a prediction of a steady inflation. Mullineaux and Resler each made this assumption; i.e., they assume that the prediction is a constant rate-of-change for any period within a given forecast horizon," This assumption is often convenient and may not be inappropriate when the investigation focuses on the process that generates the forecast. It may pose problems, however, when efficiency tests, such as those represented by equation (4), are conducted.
Because the survey respondents are, in fact, forecasting an inflation rate over a 7-or 8-month horizon, it is desirable to evaluate equation (4) by calculating the forecast error over that time horizon. For example, FE~should be calculated by taking the difference between the actual rate of inflation occurring betiveen April (or May) and December and the rate of inflation predicted for that period. This forecast error should be regressed against lagged inflation rates known to the forecaster as of April (or Ma)'). This approach differs from Mullineaux's procedure in which FE~was computed as of the time the next forecast was made (i.e., October). This approach seems inappropriate for evaluating the efficiency of the forecasts, especially since the forecasts exhibit expectations of accelerating inflation, The next section reevaluates the tests for bias and efficiency in light of these new timing assumptions.
Empirical Results
To investigate the importance that assumptions about the forecast horizon have on tests for bias and "Jacobs and Jones, "Price Expectations in the United States: 1947 States: -1975 ." iiTh.4s essentially requires that inflation forecasts are linear.
Thus, changes from one point to another , within the forecast horizon will not be distinguishable. If, hosvever, inflation expectations are not linear over different time horizons (e.g., 6~ir 8 months), then the assumption of a steady rate of inflation prediction is vitiated. The fact that the 14-month forecasts are greater than the 8-month forecasts in 38 out of 40 observations from [1959] [1960] [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] 1959-1969, 1959-1978, and 1959-1978 excluding the 1971-1973 period of price controls of various phases.h4
To test for bias in the inflation forecasts, equation
(2) is estimated and an F-test on the joint hypothesis that B 0 = 0 and B, = 1 is conducted for each of the alternative forecast horizons," The F-values calculated for this test are presented in table 1, and allow rejection of the null hypothesis at the 1 percent level, irrespective of the sample period chosen, This result contrasts directly with Pesando's but is consistent wtth the findings of Figlewski and \Vachtel, who found the Livingston data to be biased." An examination of the individual coefficients, B,, and 13, indicated that the joint h'pothesis is rejected primarily because B, exceeds unit)' for all the sample periodls. Nevertheless, the results indicate a tendency for B, to decline toward unity as more recent observations are added to the sample, suggesting that forecasters gradually adjusted to the accelerating inflation of the l960s and early 1970s." Table 2 presents additional information on the accuracy of the inflation expectations series. Although the root-niean-squared error and mean error statistics i1This truncated 1959-1978 sample period was chosen to exclude observations of forecasts errors that occurred dluflog the period of wage and price controls, It seems reasonable that forecasters would have encountered considerably more difficulty in forecasting inflation during this period, since the controls were applied 1 unevenly and gradually relaxed at unpredlicted intervals. i5To facilitate coasputation of the apprdipriate F-statistics, equation (2) 'vas modified slightly. Specifically, subtracting ,,rt from each side of (2) produces:
(2') n -, ,u? = B~+ (B, -1) ,,,n? ± u,. The null hypothesis then implies that the estimated slope and iistercept of equation (2' 
)
This enod clod s th li! 9 pri control nr van only slightli between fotecast horizons, the Theil statistics indicate that the fraction of forecast error due to bias 1s reduced sornesvhat by using the May-December horizon. It is interesting to note that of all of the horizons examined, the April-December assumption continually yields statistics suggesting greater problems with bias than variance or covamiance in the forecasts."
Although unbiased forecasts satisfy one criterion for rationality, it is common to find properties of bias in other non-survey-based inflation forecasts. For instance, Lombra and Moran note that, while the Federal Reserve Board staff's forecasts of nominal GNP are unbiased, its forecasts of GNP's real and inflation components show evidence of systematic errors." It is possible that inflation forecasts can shoiv evidence of systematic bias yet still be characterized as Because acceptance of the efficiency hypothesis in the present context requires that b~= 0 for all i( i=1, n) and that the estimated relationships indicate no evidence of serial correlation, the statistics of primary interest are the reported F-values and the Durbin-Watson and Durbin-h statistics. The reported F-value is pertinent for testing the joint hypothesis that all the b~(i = 1 5) are concurrently zero. Both the Durbin-W 7 atson and Durbin-h statistics test for the presence of serial correlation. Although the Durbin-Watson statistic is usually appropriate, Dnrbin has shown that the h statistic is more efficient when the set of independent variables includes a lagged dependent variable. 20 Because Mullineaux has interpreted equation (4) as containing a lagged dependent variable, both statistics are reported.
Turning first to the 1959-1969 period, the reported F-statistic for the May-December and the April-October forecast horizons indicates that the efficiency criterion is satisfied. Recalling that the April-October horizon corresponds to the assumption made by Mullineaux, these results are essentially consistent with his. The Durbin-h statistic for the April-Octolser horizon, hoivever, indicates the presence of negative serial correlation, even though the Durhin-W 7 atson statishic falls within the indeterminate range. 21 Since 
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VaIue i parentheses rep 'esen ab olute i-aIues of t tatm tics is the Co file'cut of deternimna mon cm ne t d fist il gns s of fn dons 1).Vi . s thi Dims bin % at on statsstic h is th Dmmr bin Is tati:tic , S L.Fi the tam d id 5 n Sr sf thi sq matu mm 1' s th c slcmilated F iahm to te t the joint h p )th m that all b (' 1, . .~5 equal zero amsd F m pr sent the rd it r ti alL alu efficiency requires no serial cos elation among the periods. Based on these test results, the period from residuals, the h\-pothesis of efficienc\ for the April-1959-197 does not appear to be one in which October hos-izon remaimss ummnsoli ed. Umslike thest Ni o Livimsgston forecasters, on average, effieiemmtlv utilized forecast horizons, hon-ever, th results based on usimmg the information eontaimmed in the history-of observed the April-December assumptiomi cleans pemmit rejec-inflation rates, tion of time efficiency hvpothesis.~S inmilarly, n-hems the pertod of wage price controls In contrast to tIme results for the 1 59-1969 period, is excluded, the efficiency eriteriomm is mmot satisfied if the hypothesis of efficiency is unambignouslv rejected tile forecast error is calculated at the emsd of the foreat the 5 perecmmt level for cads forecast horizon cx-east period (e.g., iii December). For instance, when amnined durimsg the entire 1959-1978 sample period, the forecast error is measured at the emsd of the pe-The hypothesis is also rejected at the 1 percent level nod over which the forecast is snade, the F-test perfor the May-December and April-December horizon mits a rejection of the efficiency hypothesis at the 5 percent level, 23 The effieiemscv hypothesis is not re-22 1t should be recalled that the April-December forecast horizon does not require the special assomptiomms msecessary to comistitmct time conspetiug forecast cm-nor scm-ics. We k-now that~The efllciemmcv hypothesis cammoot be rejected, however, at the Livingston supplies the April CPJ to the survey sceipiemits 5 percent level when the 8-mouth (Api-il-December) foreasmd specifically asks for their December CPI forecast, cast horizon is enspioyed. jected only when the forecast error is eva]uated in October (as in Mnllineaux).
Efficiency of the 12-Month Forecasts
Most previous analyses of the Livingston inflation forecasts focus on the short-run (8-month) forecasts, Because the respondemmts are asked at each survey date to predict the level of the CPI for the following December and June, the forecasts embody both an 8month and a 14-month (long-run) prediction of the inflation rate. This section exansines the rationality of the 14-month forecasts.
The methodology used here slightly modifies the approach used for the 8-month forecasts. Specifically. the lagged inflation rates in equation (4) are now interpreted as occurring over 12-month periods (again, observed in either April or October). This assumption requires that the estimation of these equations for the 14-month forecasts be modified.
Because the forecasts am'e made at 6-month intervals, this new interpretatioim means that the first lagged term in equation (4) comstains information that overlaps from the previous period, if all available observatiomms are imsclnded in the estimnation procedure. Such overlapping observations may introduce serial correlation into the equation.
2 i To avoid this problem, separate estimatioiss of equations (2) ammd (4) are made for each semiannual observation of the 14month forecast; that is, each sample period is split into two data sets, one consisting only of the June forecasts and the other consisting only of the Decensher forecasts, With these modifications. equatiomss (2) and (4) are estimated for the three time periods used in the previous section.
The analysis first examines the 14-month forecasts for bias. F-statistics were computed frons the regressions of equation (2) for each semnianmsual forecast series over each sample period. These F-values,reported in table 4, again indicate that the forecasts are biased. Table 5 provides the statistics for Tiseil's analysis of the forecast criers. These i'esults also show that 33-54 percent of the forecast error is due to bias. Nevertheless, as with time "short-rums" forecasts, time portion due to bias declines as new data are added.
The efficiency test is then applied to the 14-month forecast errors. The forecast errors are consistentlỹ~I ntrorluetion of serial correlation tends to bias the efficiency test toward rejecting the null hypothesis. Recall that an addItional criterioum for efficiency is that the estimation be free of autocorrelation. 5 In contrast to time 8-month ( April-1)ecensher) infiatiomm forecasts, the results for the 14-month forecasts (10 not permit rejection of the efficiency hypothesis. Because halvimmg the sample period severely reduces the degrees of freedom, these resmmlts should be .nterpreted with considerable caution. Nevertimeless, the F-statistics suggest that the errors in the 14-mnomstls forecasts are mmot correl;mted with observations of past immflation available at the timsse the forecast n'as moade. The Dnrbin-Watsoms statistics, hoivever, indicate that the hypothesis of no serial correlation cams neither he rejected mmor accepted. Tlmmms it appears that, based on the F-test, the 14-month forecasts comply witls the efficiency criterion.
Tisese contrastimsg results for the $-mnomsth atmd 14nmonth forecast honizoims cast some doubt on the Findings that the Livingston forecasts-are not formed efficiently. This dispamitv mssav indicate tisat forecasters are better able to anticipate longer-termn mnovensemsts in economic variables, such as immflatioms. relative to explaimsing time short-term vagaries of the time series. For instammce, if time actual rate of inflation is accelerating within the 14-mmmommth period, the forecaster nsay be able to forecast efficiemstlv the overall rate of cisange hmst isot he able to forecast the rate withims shorter sub-periods. of wage-price controls is deleted from this sample Specifically, empirical tests for bias and efficiency of period, only the April-October forecast horizon is the forecasts were empioyed to determine the efect judged efficient. that changes in the assumption about the forecast These findings imply that conclusions regarding the horizon have on the conclusions of previorms investiga-forecast efficiency (and, therefore, rationality) of the tions. The test for bias indicated that, regardless of Livingston inflation expectations are sensitive to the the forecast horizon or the sansple period used, the period over which the forecast error is evaluated. Livingston forecasts exhibited characteristics of bias, Because the survey respondents are asked specifically The "efficiency" test suggested by Mulhneaux was to predict the level of the CPI for the following also employed. These test results indicate that over June or December, it seems appropriate that tests of efficiency be formulated to measure the forecast error only after the actual value of the predicted CPI becomes known. Wimen this approach is used in conjunction with the assumption of either a May-December or April-December forecast horizon, the results indicate that the forecasters did not efficiently use the information available at the time of the survey in five out of six samples. This conclusion contrasts sharply with that reached when the forecast error is calculated at the time the forecasts are made (i.e., April or October).
Finally, evidence about the bias and efficiency of the 14-month forecasts indicates that these longer forecasts are efficient, even though, like the 8-month forecasts, they are apparently biased, Although the apparent disparity in the efficiency tests between the "short-" and "long-run" forecasts is somewhat puzzling, it suggests that the forecasters are more efficient at predicting longer term inflation trends than shortterm movements in the series,
The evidence presented here indicates that Carlson's sample average forecasts of the rate of CPT inflation in the Livingston data do not conform to two criteria of rationality. Consequently, the use of these data in empirical investigations of rational expectations models appears to have serious limitations. In addition, the observation that these survey-based inflation expectations fail to conform to rationality criteria suggests that adjustments in expectations evolve slowly. This further implies that, even if inflation forecasts are ultimately rational, fully anticipated short-run monetary policy actions may have important economic effects since inflation expectations adapt slowly. These and other possible implications of the apparent nonrationality of survey-based expectations deserve further study.
We would like to thank Don Mullineaux and Doug Pearce for their helpful comments on an earlier draft of this paper, Their contributions in no way imply complete agreement with the opinions expressed herein.
